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© An artiftdal tubular organ composed of a tutMi'ar supporting frame (1) made of c plaa^c materiel ar^ 
provided on its at loast one surface with a medical prostfwtic material (IC). The supporting frame (i) is 
composed of a pturafty of ring portiona (2) arrangod on an am (A}, and a plural pairs of connecting portions (3) 
oxton<£ng botwoon neightxxlng two ring portions (2) to connoct thon eacfi othor, every other pairs of tho 
connecting portions (3) being diamet-ically arranged on t)e ring portioos (2), the remaining pairs of the 
connecting portone (3) being arranged such that the plane eontainirtg their center I nes intereects at right angles 
with the plane containing the center l^es of a pair of diametricaly arranged connecting portions (3). The medisal 
prosthetic material (10) may be a woven fabrte. a knitted fabrte, a nonwoven fabric, or a como^adon thereof. 
Preferred fabric comprises absorbable macromolecular yams (11,13) and nonabsorbable macromolecular yams 
02.14). 
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The present invention relates to an art.,dal tubular organ and. r^ore partcuiarly. °" 
organ tor use h substitution or mconstructicn o( tubular crgars such as blood vessels, tracheae and 
esophagi. 

:, BACKGROUND OF THE INVENTION 

Recently, the development ol artiroal tubJar organs has seen ertergetically poshed forward to use 
them as a subs»Hute for tubular cgans such as blood vessels, tracheae anc esophagi, and n«ny clm.cal 
applicaUons ol such artificial organs have been reported in the medical neid. , . ^ „ 

,0 For the artifcial tubular organs used as a substituta of tubular organs with a skeleton (cartdaga) such as 
tracheae and bronchi. Betsey B. has reported in British J. Surg. 33 200 (1950), clinical tnals empby^g a 
stainless steel vrl.« closely wound in the form of a helix and covered «ith a lasaa. and Danwl. RA « 
have reported in Dis. Chest 17 428 (1950) on experiments using a glass tube. These '^po^ '«f f 
development of arlHicial tubuTir organs, and various Investigatons have been made on artifcial h.bular 

rs orcans of a wide varisly of materials. , 

in oeiwral. the requirements common to artificial tracheae are to nave sufflceot resistance to deforma- 
tion to cause no teakage of air. to bo incorporated into organisms without cajsitig significant inflammatonr 
response. To meet these requirements. n«ny studies t«v9 been conouctod on n^a«'ials for ardfic.^ 
traXae. and their strvjcture. Th3 most artificial tracheae of the prior art are In the 'orm of ""es^o' 
tubes, but the investigations in recent years are directed to artifclal organs CDmposed of supporting frame 
covered with a mesh such as woven fabrics or knitted goods. 

in J. Thoracic & Cardovasc Surg. 72 525 (1978). Neville has stated the tollowing six condiiwns required 

for an ideal artilicia; trachea. 

(1) 10 be airtight to avoid leakage of expired air and inspired air; , ^ ^„.kw 

(2) to have a suitable mechanical strength and reslatarco to deiormation to avoKl occlusion of trachea by 
pressure: 

(3) to take with a organism, 

(4) to be incorporated into the surrounding organisms with less inflammatcrv response; 

(5) to prevent Sbroblasto from passing therethrough as well as to prevent bacteria from makmg an 

X invasion into the lumen; and 

(6) to permit Ingrevrth of ro^iratoiy opitholia along Iho lumon. 

However, there is no artificial trachea which safisfies aU these cornJittons. espeaally, the conditions (3). 

(4) and (6) simultaneously. i«..«.k^ , 

For axampte. the artWcial tracheae as shown in Figs. 9 and 10, known as an arched graft. invoKw a 
3s pxblem in -the cooditton (3). Snce such aitiHcial tracheae generally comprise a mesh reinforced by a 
• Lpportirg frame 31 With a semteircular aoss section shown in Fig. 9 or 10, tl*y are poor « longitudwal 
extension and contractton. This causes abrasion or releasing from the sum:untfing tissue, resisting m failure 

in ft tako. ... . . . 

m Japanese patent national publication No. 2-501118. it has been proposed to use an artfiaal btod 
vessel comprising a medical prosthetic matenal o» a tubular woven fabric conslnicted by alianiam 
perfomiing plain weave and twiB weave. This atiffciJ^ Wood vessel is improved in 
and may be used without perfomting ooatino ol a coagulam. However, the sotmess is lost tryn the btood 
vessel by the adhesloo with the 8urroun*o tissues, so that the Wood vessel cannot fdlow with the 
movement oJ the body, thus causing inflammation oi the tissue. 

Jacanaee oatent hrino-open No. 57-115250 discloses an artlfcial tubuler organ coated with a Wood 
coaoSn t-SoTxill (or flbrln stabllzlng lector). whkJi Is used as an arUfic!^ trach«i to be Impjan^ ^ 
««c»dportion ol the trachea invaded by the cancer or in a resected porScn of bronchus attected with 
L^lTSldal tubular organ causes no risks such as obstrucUve thrombi, kxrnajon of ^c«^ or 
s^horia as a rate of orgarizatton just after Implantation is Imf^oved by the bkxxl coaguW«n factor Wll 
^Z^, the wov«, fite or knitted goods us«i as the medi«l '>'-^'^^' ^'^''^^ 
organs have the foltowing cisadvartages. If the labnc has a tow compactness, the prosttwte m^ 
pS»«es good «.«ne5«: but it pem«a the mtemal air to pa«s therethrough and then Intrudes i.*.^ 
K^cau^Wtammatton due to miaobism. » the proslh«k: material is eompos^l of a ^'^'"^J 
tabrfc ofToompact coo8twctk)n. or of a fabric provided with a coating to gwe good airtightneas and 
IS^gm^. tSfar^ial tubular organ become, rigid, does not fit to the aumwnding tissue, prevents 
invaskm of endothdiurhs, and causes disturbanees in the surrounding tissuo. ^ _ ^ . ^ ^„ „, . 

(vsmmerclally available artfftolai tubular otga^ comprises a siBcone wire ctoseV wound in the form of a 
helix^Iir^eril wfm i fabric to prevent the leAage of expired air or inspired air. m such an artmaal 
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trachea, riowover, the granulation tissue is prevented Iron entering into the medical prosthetic materia). 
Thus, the artificial trachea is prevented froTi incorporation into the surrounding tissue so thai the migration 
of the anificia trachea occurs. 

i SUMMARY OF THE INVENTION 

It is therefor© an object o< the present invention to provide an artificial tubular internal organ having high 
resistance to deformation and good airtightness, and capable of being incorporated into the tissue after 
implantation to provide good adhesion with the surroundirig tissues. 

ro The above and other objects of the present invention a-e achieved by provtdmg an artificiai tubclar 
organ composed of a tubtiar supporting frame made of a plastic material and provided on its at least one 
surface with a medical prosthetic material, said supportino frame being composed of a pluraGty of ring 
portions arrarged on an axis, and plural pairs of connecting portions extending behiveen neighboring two 
ring portions to connect them each other, every other pairs & said connecting portions being diametrically 

/5 arranged on said ring portions, the remaining oatrs of said connecting portiors being an-anged such that the 
plane containtng their center Hnes intsrsects at right angles with the plaw containing the center lines of the 
dianwtricallv arranged connecting portions in oair said medical prosthetic material being composed of at 
least one fabric selected from the group consisting ot vroven fabrics, nonwoven fabrics, and knitted fabrics. 
As a material for supporting frame, there may be used any blocompatiWe synthetic reslna. Typlsa! 

20 biocompatit)le- synthetic resins include, without being fimited to. olefin resins such as polyethylene, 
polypropylene; fluoioplastics such as polytetreftuoroeihyiene. ethylene-teirafluoroethylene copolymers, pcly- 
chlorotrifluoroothyteno; and pclyesters. 

In a preferred ambodimenu each pair of the connecUnp portions of the tubular supporting frame are 
diametrically arranged on the ring portions. 

25 As a medical prosthetic material, there may be used any knwon fabrics including woven fabrics, 
nonwoven fabrics and knitted fabrics. It is, however, preferred to use a partially absortwble fabric 
comprising abscbable macromolecular yan^s and nonabsortjabie macronw;ecular yams. Such a fabric rray 
be used alone or in combination with any known fabrics comprising nonabsorbable macromolectlar yams or 
fibers. When a fabric comprising absortMbte yarns is used in combination with a fabric made of 

30 nonabsort>able yarns, it is preferred that the former is sandwiched between the supporting franne and the 
latter. 

The above partially abeortjable woven fabric may be conetructed by composite yams co*nposed of at 
least one absorbable macromolecular yarn and at least one nonabsorbable rr^cromoteojiar yarn. Such 
composite yams may be prepared by yarn doubflng or twistng. Also, the fabric may be a unton doth or 
js knitted fabric composed of absortiable macromdlecular yarns and nonabsorbable macromolecular yarns. 

The yarns for woven fabrics, nonwoven fabrics, knitted fabrics may be mononiamenl yarns or 
multifilament yams. The most preferred yarns are false twist yams as they improve airtightr^ess and 
fiodbiBty of the produced fabrics 

As a material fa the nonabsorbable macromolecular yams, there may be used those such as 
40 polyesters (e.g.. polyethyiene terephft^e); pdydefins (eg., polyethylene polypropylene); polyamkJe 
resins (e.g.. 6-nyton. 66^iylon): fluoroplaslics (polytetrafiuoroethylene. poIyvinylidenB ffuoride); chtorine 
resins (e.g., poiyvinytehtoride. pofyvinytidene chlorides): polyurethane resins: caBulose derivatives; or natural 
fibers. Among them it is preferred to use polyolefins since the granulation tissues fbmly adhere to yarns of 
polyolefin fibers but never enter into the lumen of the supporting frame and thus provide no cfisturtance of 
45 the flow of btood or air. 

As a materteJ for tie ab9ort>able macromolecular yams, there may be used those such as pofylactlde. 
polyglvcdic ackJ, polYvinyl ateohd. polyacryl arnkte, polyvinyl pyrolktone, poty-rmethyl-glutamade. pcly- 
caprolactone. polydioxanone and derivatives thereof, elhylisnfihcarbon monoxWe copolymers, cellutose 
dcrivatfvcs or oopolymcra Ihoroof, vinyl acetato-unsaturatod carboxyBc acid copolymers, and tho like. 
50 The above fabrics or composite yams may be coated with a protein. Typical proteins includes, without 
being limited to coflagen, gelatin, fibrinogen, gtobulHi= and fibronecbn. The prctein coatings may be formed 
by immersing wo*/en fabrics, non-woven fabrics or composite yams In a protein solution and then rinsing 
them with water several times at room temperature. 

The woven or nonwoven fabrto comprises ^80rt>8ble macromolecular yarns wNch are dissoKed and 
55 absorbed in the organism to form openings or pores in the fabric after imptontati.on. Pre«erebly, the 
openings or pores to be formed in the fabric o1 the nonabsorbable macromolecular yams after implantation 
have an average dianoeter of iiO um and are present at least 20 % in the fabric. 

The artificial tubular organ of the present invention is capabte of being bent in any directicns» back and 
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forth or left and rignt. becacsa cf a new construction of the tubular supportmg frame. It is possible to make 
a discrimination in the bending argle of the artificial tubular organ between back and forth direction by 
suitably selecting location o\ the odd numbered or even numbered connecting portions in pair. 

The provision ol the connecting portions maices it possible to prevent the supporting frame from excess 

, cxp^on in the a>ial direction, as well as to prevent aberration of the ring portions, thus making it pc^.blc 
to improve the resistance to delormation. 

Further, the stitched joining the fabric with the supporting frame are limited in movement by the 
connecting portions, thus making it possible to avoid the deviation of the fabric from the given position on 
the tubular supportbig Iranr^e. . , , ^ 

w Just after impJantaiion cf the artftcial tubular organ, the medical prosthetic matenai of the woven, 
knitted, or nonwoven fabric prevents movement of substances such bacteria WHh the laps- of time. 
hoNvever. the absorbable macromolecular yarns corwtituting the fabric are decomposed and absorbed m the 
organism so that numbertess pores or openiogs are formed in the fabric. For this reason, the granulation 
tissues surrounding the artificial tubular organ enters into openings and grow up to form organism, while 

15 closing the openings of the fabric. As a results, the fabric with rough texture CDnnposed of the remaning 
nonabsorbable macromolecular yarns forms a dense composite with organism. 

The above and other objects, features and advantages of the present invention will be further apoarent 
from the (bllowino description taken in conjunction with me accompanying drawings. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of en artificial tJbular organ embodying the present invention; 
Fig. 2 is a perspective view of a supporting frame useo in the artificial tubular organ of Fip. 1, 
Fig. 3a is an enlarged perspective view ol the supporting frame of Fig. 2; 
2« Fig 3b is an enlarged perspective view showing a modified form of the supporting frame of Rg. 2; 

Fig. 4 is a fragmentary plan view of a medical prosthetic material composed of a woven fabric used in 
the artiftcial tubular organ of Fig. 1: 

Fig. 5 is a perspective view of a supporting frame used in the artificial trachea according to the present 
Invention; 

30 Rg. 6 is a partially cutaway view of an artificial blood vessel according to the present Invention; 

Fig. 7 is a fragmentary plan viaw of a medical prosthetic material composed of a woven fabric usod in 
the artificial tubdar organ accordng to the present invention; 

Rg. 8 Is a fragmemary plan view of a medical prosthetic material composed of a nonwovan fabric used 
for »i artiffdal tubular organ according to the present Inventton; 
j6 Rg. 9 is a diagranmatical perspective view of an artiftcial tubular org»i of the prior art; 

Rg. 10 is a Giacrammatical perspective view of an another form of an arUndal tubular agan of the prior 

art; and, ^ ^ ^ 

Rg. 11 is a d agrammatical perspective view of a further form of an artificial tubular organ of the pnor art: 

40 PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

Refemro now to Rg. 1. there ts shown ar artificiai tubular organ embodying the present invention, 
which comprises a tubular supporting frame (1} made of a piastic. and a medal prosthetic material (10) 
arranged in the lumen of the supporting frame (1 > and joined thereto with several stitches. 
45 The supportno frame (i ) is made of a biocompatible sy ntnetc resin in the lomi of a cy finder shape of a 
5 to 30 mm length. This frame (i) comprises a plurality ol ring portions (2> arranged on a common axis, end 
plt^ai pars of connecting portiona extending between neighboring two ring porttons to connect them each 



so 



Tho ring portions (2) constitute a side waQ of the supporting frame (1) so thai thoy are rccuircd to have 
a suitable compressive strer^gth to prevent crushing of the artificial tubular organ, for example, artrficial 
trachea after implantation into the organism. Although the ccmpressive sUength of the supporting frarne 
varies with a thickness of the ring porttons and a raw material used, the artificial trachea is qwer^^i 
designed such it possesses the compressibility ranging from about & to 25 % when a toad off 500 g .s 
applied to the artificial trachea of 6 cm in length in the direction perpendicular to its axis. The nng portions 
may hove any cross sections such as circular, square, or rectangular, but it is preferred that they heve a 
rectangular cross section. ^ * u« 

ThT connecting porttons (3) are termed as an integral part of the supporting frame (l). A longti) of tfje 
connecting portions (3) is so determined that it is smaBer than a radius ol the nng portons (2). rno 
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connecting portions nnay have any thickness as occasion demands, but it is preferred that they have a 
thickness stbstantially the same as that of the ring portions (2). taking accouM of the rr>echanical strength 
and easiness of molding. 

The connact-ng portions <3} in pcirs are dtemetrically anrarged between the neighboring two ring port on 

b i2) so that they arc either above or betow next connecting portion (3) but one. Thus, the conrKJcbng portions 
(3) in pair are syminetric with respect to Hie axis of the supporting frame (1 ). but odd numbered pairs of 
said connecting portions (3) are arranged such that the plane containing their center tines intersects at right 
angles with the plare containing the center lines of even numbered pairs of the connecting portions. 

As fully illuslratad in Fig. 3. the position or a pair of the connecting portons (3) with respect to an upper 

10 or k>wef pair of the connection portions (3} is determined such that a straight line (Li), which connects the 
intersections of each of the connectirig portions (3a. 3a') in pairs and the ring portion (2bX e)dends in the 
direction perpendicular to a straight line (U) which connects the intersections of each of the connecting 
portions (3b, 3b'i in pair and the ring portion (2b). Also, each straight fines (Li, La) intersect at right angles 
with the axis (A) of the suppofting frame (1 ). 

;5 Fig. 4 shows the prosthetic material (10) composed of a woven fabric having a plain weave construction 
in which waft yarns (11. 12) pass alternately under and over warp yams (13. 14) across the width of the 
fabric. One of the weft yams. i.e.. weft yams (11) are d)sorbable macfomolecuJar yarns, while the other weft 
yarns 12 are nonabsort>able macromoiecular yarns. Similarly, one of the warp yams 13 are absortaDle 
macromotecu'ar yarrw, while the otfw warp yams 14 are nonabsorbable macromoleci^ar yarns. 

20 In order to fix (immobiUze) the implarrted artificial tubular organ fri the body, the artificial tubular organ is 
required to form pores in the textlJe after implantation so that granulation tissue enters into pores to form an 
inner structure rapidly. According to the present invention this is achieved t?v combined use of atJSOrlMDto 
macromoiecular yarns and nonabsorbable maaomolecular yarns. Tlie aljsorbabte yarns are dissolved and 
absorbed in the body, thereby forming pores t)etween the remaining ncnab6ort>able nnacromoleouiar yarns. 

25 It Is preferred that an average diameter of the produced pores is at least 110 urn, preferably, 300 to 
1 500 urn. Further, it is preferred that the pores df at least 1 10 um presem in the textile occupies at least 20 
%, preferably. 40 to 70% of the surface area of the textfle. If the average diameter of the pores is less than 
1 10 um. It is difficult for the granulation tissue to enter into pores twtween the fibers of the textile, causing 
failure in immobrlizatkxi of the fiber structure in the body. 

30 The above medical prosthetic material (10) or woven fabric is joined to the supporting frarr.e (2) with 
sovorat stltchos. Tho stitching thread is composed of the same materials as matorials of the fabric, i.o., 
absorbable macremolecutar yams and nonabsorbable macrom-slecular yams. 

When such an artificial tuoular organ is implanted In tfie body, one of Ifte constituents of the prosthetk; 
material, ie., absorbable macromoiecular yams are decomposed by breakage of their main chains of 

3S chemical structures and absorbed In the body to form openings or pores between non-absortxable 
nriacromotecutar yarns, into which the granulation tissues enter into the openings or pores so that the 
artificial tubular organ firmly adheres to the surrounding tissies and is fixed thereto. Since tf>e artificial 
tubular orgwi is required to have good airtightness and waterfightness. the mecfical prosthetic nr^terial Is 
constituted by a woven fabric with a high density. l=or this reason, the artificial tubular organ is initially 

40 Stiffened, but it ts then softened with the lapse of time as the at»sort>able macromoiecular yams are 
dissolved and absortted in the body. This maices it possible to minimize an obstacle due to impiantatton as 
wea as to avoid occurrence of in^matioa 

In the above embodiment aS the pairs of the connecting portions (3) are diametricaiTy arranged so that 
they are synmetric with respect to the axis of the supporting frame (1). However, this is net necessarily 

45 requ^ed. it is sufficient to make one of the stratgw l«nM (Li. U) Intersect perpendicularty to the axis (A) of 
the suppofttng frame (t). 

Rg. 3b shows modification of a tubular supporting frame for use in the artificial tubular organ of the 
present invention. In this embodiment, one of the straight lines (L- , U), for example, the straight line (Li) is 
separated t^y a distance (d) from the straight line (U) passing the axis (Al in parallel thereto. For this 

50 reason, the bending angle of the supporting frame (1 ) is greatty affected by the distance d between the axis 
(A) and the liie (Li). The greater the distance d, the smaBer is the bending angle in the direction of an 
arrow -X, as Indicated In Rg. 3b. However, this makes « easy to bent the supporting frame (1) in the 
opposite direction, i.e., in the direction of an anrow X in Rg. 3b. Thus, the bending an^e of the supporting 
frame (1) may be detennined according to a sort of artificial organs to be produced or objects to be 

59 implented. 

In the above embodiment, the prosthetic n\aterial is composed of a textile of the plain weave sfaucture. 
but weaves of the textile are not limited thereto. There may be used textiles or fabrics constituted by any 
other weaves including twill weave, sateen weave and respectf-^ variations. Also, there may be used tubtlar 
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or flal knitted goods such as. lor example, warp knitted fabrics, weft knitted fabrics, plain stitih fabrics, 
irtertock fabrics, fleecy fabrics, and tuck strtch fabrics. 

Rg. 5 shows a modification of a tubular supporting frame fo^ use in the ertificiai trachea of tne present 
invention. This supporting frame is made of o blocompatibte synthetic resin in the form of inverted Y-shape. 
and is composed of a trachea portion (4). a bifurcated portion (5). and bronchus portions (6. The trachea 
portion (4) comprises a plurafiiy of ring portions (2) arranged a^ a common axis, and piuraJ pairs of 
connecting portions (3) exterdlng between naig^borir.g two ring portbns (2) to connect them each other. 
Similariy. each bronciius portion (6. 6*) is composed of a plurality of ring portkxis <8) arranged on a 
common axis, and pturai pairs of connecting portioiis (9) exteiKing between neighboring two ring portions 
(8) to connect them each other. 

The lowermost ring portion (2) Is connectsd to the uppermost ring portions (8) of the bronchus portions 
(6) by a pair of a connecting portion extending therefrtwn to form a bifurcated portion (5). and the uppermost 
ring portions (8a, Sa*) are connected each other at their edges. The left bronchus portion 6' (^n ng. 5. right 
portion) extends sideways at an angle smaller than that of the right bronchus portion (6). but has a length 
loroer than that of the right bronchus portion (6). 

The above tubular suppcrting frame is covered wtth a medical prosthetic material to form an artificial 
trachea. The me<fical prosthetic material is composed of a /rover fabric, a knitted fabnc or a nonwoven 
fabric. 

Fig 6 shows an artificial Wcod vessel according to the present Inventton. This artificial bkjod vessel is 
composed of a tubular supporting frame l and a union cloth 15 spirally wound thereon to form a tubular 
wall or the artificial blood vessel. The union doth 15 comprises absorbable macromolecular yams and non- 
absortwbto macromolecular yams. The above union doth may bo rcplacod with a non-woven fabric. 

The artincia! bkjod vessel may be provided on its outer surlace with a coaling of a protein such as 
coBagen or gelatin, and on its inner surface with a coating of an anti-thrombcgenic material. 

When such an artfidai blood vessel is Implanted in the body, one of the constituents of the tubular wall. 
i.e. absorbable macromolecular yarns are decomposed and absoroed in the body, thereby lorning pores 
between non-absorbable macromolecular yarns. The granulstton tssues enter into the pores so that the 
ertifictol blood vessel adheres tc- the surrounding tissues and is fixed thereto. Since the medical prosthetic 
material is composed of unton doth with a high density, the artificial btood vessel is airtight and watertight. 
Thus, the artificial Wood vessel is initially stiffened, but it is softened gradually, as the absortjable 
macromokwular yams aio tfssotvod and absort)ed in tho body. It is possible to minimize an obstack* duo to 
implantation as well as to avoid occun-ance of Inflammation. 

Tlw constructfon of Rg. i may be applied to an artifteial trachea, which comprises a tubuiar supporting 
frame as shown in Rg, i. and a medical prosthetic materia! a.Tanged on its inner and/or outer surfaces, in 
such a case, the supporting frane is generafly formed with fluoroplastics so as to have an inner diameter of 
20 to 30 mm. a length of 10 lo 50 mm. aid a thickness of 1 mm. The medical prosthetic material may be a 
woven fabric composed of absortsabte macromolecular yams and non-absort>able macronr^oleajiw yams, as 
■ shown in fTg. 4. The outer si^face of this artificial trachea may be coated with a protein such as collagen or 
gelatin 



Sirica the outei wall of such an artificial trachea is composed of a union cloth wrth a high density. 



it is 
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kept airtight and water tight just after imptentetion of the artifidal trachea so that the expired air and inspired 
air wiB not escape. Thus, tha artificial trachea wil» fUfil tiw intended function effectively. Also, there is almost 
no occurrence of microbism as external bacteria are prevented from passing through the cloth. The 
absort)able macrorrwlecular yams consiitut&ig tne union ctotti Is decomposed and ^sort)ed in the body 
with the lapse of time to form openings in the tubUar wafl of me arWdal trachea. For this reason, the 
granulation tissues erter Into the openings fomod between tie remaining non-ebsort»bie macromolecular 
yams md encwulate t» artifteiai trachea to forr a corwsile structure. 

* Fq 7 shows a weave pattern ol a medical prosthetic material conslnxrted by passing well yarns ie 
altomatoly under and over waip yams 17 across the width of the fabric. Tho weft yams 1$ are iwlst yarre 
composed of a ncrvabsortwble macromotecular yarn tea and an absort)atte macromolecular yarn IK), 
whie the waip yams 17 aie douoled yams composed of a non^ab«ort)able macromoleciriar yarn 1 7a and an 
absorbabliB macromotecular yam I7b. 

The above absoibaWe and non-absort>able macromolecular yarns may be moncfilannent yarns or 
muhifaamert yarns. It is however preferred to use false twist yams to improve airtightness end fiexibility of 
the ctoth Since the woven fabric is constructed by weaving two kinds of composite yoms, i.e.. doubled 
yams and twist yams, the size of tho openings to be formed in the plain wea^c fabric after impianlation may 
be controlled by variatk>n of fiber <fiameters of the absorbable and non-absprbable macromdecuiar yams, 
by changing the astanco between neighboring two warp yams or weft yams, or by cha-nglng the number ol 
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yams constituting doubled yarns or twisl yams. 

In the above embodiment, the medical prosthetic material is composed of a wovsn fabric Including 
double yams as the warp yarns, and twist yarns as the weft yams, but it may be a woven fabric or a knitted 
fabric, of which both the warp yarns and woft yarns are ccmpcsod of either double yams or twist yarns. 

5 Also, it is possible to use. as 'iie medical prosthetic materiel, woven fabrics or knitted fabrics in which either 
the warp yarns cr weft yarns are composed of double yams iwisl yarns, wliile tJie other being composed 
of non-absorbable macromolocular yarns. 

In the above case, it is preferred to use twist yams which have a t^ist angle given by 6 in Rg 9, 
ranging from 45 to 88 in particular, 65 to 85 * . 

JO It is preterrad to use norvabsortjatte macromolecular yams composed of single yarns having a 
diameter ranging from 0.1 to 100 am, in particular, 1.0 to 40 am. If the single yarns witn a diameter 
exceeding 100 um are employed, the woven fabric becomes rigid and causes inflanwnation after Implanta- 
tion of the artificial tubular organ. If the single yams with a diameter of less than 0.1 um a^e used, it is 
difficult to produce. 

rs Rg. a is an enlarged fragmentary plan view of a nonwo/en fabric used as a medical prosthetic matenal. 
This nonwoven fabric is composed ol absorbable fibers 17 and non-absorbabie fibers 13. wh:c^ are 
intersected each other and interlocked at crossed points. The nonwoven fabric may be produced by a 
process compfisino the steps of separately spinning an aosoibable rrtecrcmolecular material and an non- 
absorbable macromolecular material Into filaments through noz2les, cutting the faerronts Into fibers, 

20 spraying the fibers onto a surface of a conveyer or a rotating surface of a columnar or cylindrical mandrel, 
and interlocking the resultant layered fibers at their crossed points by a physical process, for example, 
needling and water jet The layered fibers may be intcrtocked at their crossed points by any other 
processes, for example, by healing, or by chemical treatment such as alkafi treatment and soivenl 
treatment By spraying the fibers on the surface of the mandrel, it is possible to obtain a tubular nonwoven 

?9 fabric by removing the mandrel from the product. 

The fibers used for nonwoven fabric may be long fibers, or short fibers, or a comttnalion of long fibers 
and short fibers. The nonwoven fabric is generally produced in the form of e flat or tubular siiape. 

H is preferred to use nonwoven fabrics with a bulk density of 0.005 to 0.60 g/cm* as e medical 
prosthetic material. If the buk density of the nonwoven fabric exceeds 0.60 g^cm-% the nonwoven fatric 

90 becomes rigid and causes inflammation resulting from implantation of the artificial tubular crgan. If the bulk 
density is loss than 0.005 g-'cm^ aro used, tho mechanical properties of tho nonwoven fabric becorr^os 
kdwered. 

Also, it is preten-ed that the nonwoven fabric is at least 0.1 mm thick, in partariar, 1 to 10 nrvn thick. If 
the thtekness of the nonwoven fai3ric is less than 0.1 mm, durability becomes lowered. 
3b It is preferred that the rwnwoven fabric has an axtenston percentage of at least 5 %. in particular, from 
10 to 25 %. 1^19 nonwoven fabric with such an extension percentage is particularly suitable for artificial 
tutxjiar organs which is given the internal pressure, such as artificial blood vessels and artificial trachea, 

EXPERIMEMT 1 

40 

There were prepared artificial tracheae comprising a tubular supporting frare (23 mm outside diameier. 
21 mm Inside diameter, 60 mm length) of polytetrafluoroethylene having a structure as shown in Fig. 2. and 
a tubular mesh of polyester arranged in the lumen of the supporting frame and fixed thereto with stitches. 
The sioporting frame Is composed of ten ring portions and nine pairs of connecting portions (4 mm width 
4s by 4 mm length By 1 mm tWck). The outermost rbig portkxis are 4 mm In length, while other ring portions 
are 2 mm In length. 

Usfrtg mrfa dogs with the weight of 10 to 15 Kg, animal experiments were conducted by implanting 
each artificial trachea in the dog. Results are summarized in Table 1. 

In the table, ealy death moans that tho dog died witWn 4 vroeks, white long-term sunrivai means that 
50 the dog survived more than 4 weeks. The cause of death are classified into the foltowing groups; 
A: death caused by the supporting frame (e.g.. deformation, migration): 
B: death caused by the mesh (e.g^ air leakage, supernumerary granulation); 

C: death caused by surgical operation or trachea (e.g., stenosis or disherence at the anastomosed 
portion); 

55 0: death caused by disease (e.g.. obstruction of the airway caused by sputum); 
E: death caused by inflammat on; and 
F: death caused by necrosis. 
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COMPARATIVE EXPERIMEfNTr 1 

There were prepared arificial tracheae each comprising a supporting frame of polyethylene formed into 
a semi cylindrical form shown in Fig. 9 and covered with a mesh of polyester. Using male dog with the 
a v^ight of 10 to U Kg. animal experiments were conducted in the same manner as thai in Experiment 1. 
Results are shown in Table 1 - 

COt^PARATIVE EXPERIMENT 2 

10 There were prepared artificial tracheae each comprising a supporting frame of polyethylene formed into 
an arched shape shown in Fig. 10 and covered with a mesh of polyester. Using dogs wHh the weight of 7 tc 
13 Kg. animal experiments were conducted in the same manrer as that in Experiment 1. Results are shown 
in Table 1. 

75 COMPARATIVE EXPERIMEm" 3 

Using commerciaily avaibble polyethylene tube {produced by Oow Chemicals) having a structure as 
Shown in Fig. 11, animal experiments were conducted in the same manner as tr^at in Experimant 1. The 
doga used have the weight of 9 to 1 3 Kg. 



20 



28 



Hm^A Haad emuMQ Paal^h sftUU •^PT t V fll 

BX, I 28 13 Bt 10 4 Bl 1 11 

30 Ci 2 Ct 1 

Dt 1 Victimt 1 

^ Pnknowai I 

Comp. 20 8 Ai I 12 4 0 

Ex, I Bl 5 Bl I 

40 Ci2 Ct 6 

Pttwr! I 



Coiap. 5 0 - 5 At 5 0 

Bff> 2 . 

Cemp. 10 2 Bl 1 8 At 6 0 

5c BK. 3 El-5 fii-J 

From the results shown in TaWe 1, it will be seen that there ie no cae© in which death is caused by use 
of the supporting frarne of the present invention. In contrast therewith, the artiflciai tracheae of comparative 
56 examples 1 end 2 cause dea^i due to deformation of the eupporting frame. On »ie other hand, the artificial 
tracheae of oomparaUvc Example 3 resulted in migration of the trachea, whflc the remaining head survived 
more than 4 vreeks. 
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EXPERIMENTS 2-5 

Using polyethylene terephthalate (herein after rBferred to as PET) yarns of 150 deniertJO filament end 
poiygtycotic edc (herein etter referred to as PGA) ycrn of t20 denier/B filament as wefl yarns end warp 

5 yams, there were prcparsd pia-n woven fabrics of Z'2 having a oonst'udion of Rg. 4. A distarco (L) 
between neighboring PET yarns are varied as shown in Table 2. Each plain woven fabric was implanted in a 
subdorsal site of a dog, and the condition of implantation of the fabric was visually observed after 6 waeks 
have elapsed. Results are shown in Table 2. 

In Table 2, "good" maans that the fabric is fi<ed lo the surrouncfing tissue by invasion o^ Ifie granulation 

ro tissues into pores of the fabric, "better" means that the fabric is exfoliated from the surrounding tissue 
although the granulaticn tissues have Invaded into pores of the fabric, and "bad" means that no invasion of 
granulation tissues into the pores of the fabric has been obser\*ed 

COMPARATIVE EXPERIMENTS 4^6 

15 

Using the same PET yarns as that of Experimenis 2. there were prepared piain woven fabrics of 2/2 
having a construction of Fig. 4. with a distance (U between neighborino PET yams being varied as shown in 
Table 2. Each plain woven fabric was impianted in a subdorsal dte of e dog, and the condition of 
Implantation of the fabric was visually obsenred after 6 weeks have elapsed. Results are shown In Table 2. 

20 
29 





£x. 2 




307 m 


good 




EX. 3 




241 m 


good 


30 


Cx. 4 




153 Mffl 


good 




Ex. 5 




126 m 


hotter 


3b 


Comp. Ex. 


4 


101 m 


bad 




Conp. Ex. 


5 


95 Mm 


bfid 




Cora. Ex. 


6 


74 <im 


bad 



As will be uriderstood from the results shown m Table a tf the distarcd (L) between the neighbonr^o 
PET yams ia less than 101 um like as the fabrics of the comparative experments. no invasfon of the 
granulation tissues into the fabric occurs and the fabric is never fixed to the surrouncfir)g tissues. 

EXPERIMENTS &-9 

Using a PET yam of 70 denier/38 ntament and a PQA yarn of 12 denier/B fitainent or a PQA yarn of 0 
dcnier/3 filament there was preperod a dout>lod yam to be used aa a weft yam for the plain woven fabric of 
50 Ftg. 7 by yam doubting. Aiso. there was prepared an S twist yam to be usee as a warp yam for the plain 
woven fabric of Rg. 7 by twisting the above doubled yarn in the direction of S by 2O0 T/M. Using the 
resultant doubled yam and S twist yam, there were prepared plain woven fabrics of i/1 having a 
constrxjction cf Rg. 7. A distance (L) between neighboring PET yams are varied as shown in Table 3. 

Each plain woven fabric was coated wt:h a 10 wt% aqueous solution of collagen, dried and tfen 
55 implanted in a subdorsal site of a dog. After 6 weeks have elapeed, the condition of implantation of the 
fabric was visually otjserved. Results are shown in Tat>lo 3. 

In Table 3. "good" means that the fabric is fixed to the surroundng tissue by invasion of the granulation 
tissues into pores of the fabric, "better" means that the fabric Is exfoliated from the suaoundtng tissue 
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although the granulation ti«ues have -nvaded into porss of the fabric, and "bad" means that na .-r/asien o1 
granulation tissues into the pores ol the fabric has been obser/ed. 



COMPARATIVE EXPERIMENTS 7-8 

Using PET yarns ol 100 denier/3e lilan^enl. ihere were prepared plalr. wov«n ''"'''21' 
consuuction of Rg. 7. A d-stance (L) between neighboring PET yams was va.-«d as '"J^'^'^ ^ 
In woven fabric was ^planted in a subdorsal site of a dog. and the condn-on o^,mplantat.on o. Ihe labnc 
«as visually observed after 8 v«eks tiave elapsed. Results are also sho-n m Table 3. 
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Ex. d 
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good 
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good 




Comp. 
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bad 
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AS v,ill bi, understood from tfie results shown in Table 3. if the distance (W) betvreen the '^ f^"2 
00 PET ya^ t less *an HO urn Ike as the fabrics of the comparative «^P^««^- ^ 
granuLlon tissuos into the fabric occurs and tho fabric Is novor fixed to the surrounding ttssuos. 

EM>BWMENTS 10-13 

« Using PET and PGA as raw materials, there were prepared nonwoven fabdcs by separately spinriing 
PET ^ P3A water jet into f-laments through respective nozzles, a.«d then cull-ig Hie niarr,ents ,mo 
fol PE? rlS^ U a diameter of 41.3 am ^ PGA fibers ^.h a '^^^^Xl^^^ 
the resultant fibers onto a conveyer surface, and intertocking the resulant 

pok«s by needling. The non-^ fabric has a thickness of 1.8 mm. and "-^ij^tirtc 
« mndng ratio of PET libers to PGE fibers was determined soch that the ponw tom«d ,n the nonwoveo fabnc 

nrrrr^^r^^tJ^ :::T,nrS^;".rn"- cca^en. dned. and .hen 
imS ~T:;SorT«:" A^er e wek, have el««ed. the ccnd^on of lm,.anta«on C the 

« n^^S^'^S'^r^'r^^aiTt.;^ sunounoino tl«.e by invade C the gr^u^on 
tissuL So wrwc? the fabric, "better- means that the fabrte la exfoliated from the surrounding ttosue 
Sl^uSJI «i«u« have invaded into pores of the fabrtc. and "bad" means that no nvas.cn of 
graiulalion tissues into the pores o« the Wxte has been obser/ed. 

so 
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Tflblff 4 

Amount of Oluneter Judgan»nt 
VGk fabric of Por>« 



Ex. 10 


74 


310 




good 


Ex. 11 


59 


225 




good 


EX. L2 


43 


162 
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good 


Ex. 13 


32 


134 




good 




15 









20 As .will be u^erstood from the results shown in Table 4. rf the distarce (L) between the neighboring 
PET yarns is less than 110 um like as the fabrics ot the comparative experiments, no invasion of the 
granulation tissues into the fabric occurs and the fabric is never fixed to the surrounding tissues. 

EXPERIMENTS 

^5 

Using doublftd yams composed of a polypropylene (hereinafter referred to as PP) yarn of 75 danier/24 
filament and a PGA yam of 13 denier/6 filarrwm as weft yarns and warp yans, there were prepared tutelar 
plain woven fabrics of 1/1 having a constroction of Rg. 7 auch that they have an inner diameter of 9 mm 
and a length of 6 cm. A ^stance (L) between neighboring PP yarns was 433 urn. 

30 

EXPERIMENT 15 

Using doubled yams composed of a high density polyethylene (density: 0^ g/cm^, hereinafter referred 
to as PE) yam of 70 denier/ 1 2 fitamerrt and a PGA yam of 18 denier/B filament as weft yarra and warp 
3b yams, tut>ular plain woven fabrics of Rg7 were prepared in the same manner as that v) Experiment 14. The 
distance (L) between neighboring PE yarns was 513 um. 

EXPERIMENT 16 

40 Using doubted yams composed of a PET yam of 75 dan tar/24 filament and a PGA yam of 18 denier^Q 
filament as weft yams and warp yams, tuhular plain woven fabrics of Fig. 7 were prepared in the samB 
nrtanner as that in Experiment 14. The distance (L) between neighborino PET yarns was 396 um. 

EXPERIMENT 17 

Using doubled yams oomposed of a 66-nyton (hereinafter referred to as yam of 70 denIer/'36 
filament and a PGA yam of 16 denier/6 filament as weft yams and wsro yarns, fibular plain woven fabrics 
of FiQ. 7 were prepared in the same manner as that in ExperkDent 14. Tlie (fistanoe (L) between 
neighboring NY yams was 421 um. 
50 The plain woven fabrics prepared in Experiments 14-17 were coated with a 10 wt% eu^ueous solution of 
collagen and then dried to form a thin layer of collagen on tfie outer surfiace of the tubular fabrics. Each 
^bi^ woven fabric was implanted in a tncracotropNc aorta descendens of a dog. After 3 months have 
elapsed, the conation of implantation of the tubular fabric was visually observed. Results are shown in 
Table 6. 

55 In Tobie 5. ''good' meant the fact thai a neo-membrane was observed on the inner wall of the tubtlar 
fabric, but the granulation tissue was never observed in the lumen of the tubular fabric, "better" means that 
short granulation tiesues were observed on the periphery of the Inner wall of tSne tubular woven fabric, and 
"bad" means the fact that the granidation tissues grow across the lumen of the tubular woven fabric. 
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Ex. 


14 


PP 


good 
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15 
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good 
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17.-. 


MY 


battar 



20 



AS Will be iBiaotstood from the above results, by using the tubular woven fabric oonriposed ol 
absorbers ^ns andZabsortable yam, as a medical prosltietfc malert.^. It b possible to perrT.ft he 
formation of neo^nembrane on the irmer wall of the tubular fabric without caus.ng the grawth o( the 
granulation tissue in the lumen of tfie tubular tabric. 



Clalnns 



n 1. An artificial tuoular organ composed of a tubuai supporting frame made of a plastic rralenal and 
orovided or- its at least one surface with a medical prosthetic material, sad supportng frame being 
composed of a plurality of ring portions arranged on an axis, and a plural pair, of connecting portions 
extending between neigt*oring two ring portions to connect i»H»m sac*, other, every otfw pairs of s»d 
connecting portions being diametrically arranged on said ring portions, the remaining P*" « «jd 

30 connecting portions being arranged such that the plane containing thejr center lines '"^^^^ 
angles wi* the piano containing the center Ires of a pair of '^''^'^^'^'^^^^r^'^J^'^^ 
said medical prosthetic material being composed of at least one fabrte selecled from the group 
consisting of woven fabrics, nonwoven fabrics, and Icnilted faoHcs. 

as 1 An artificial tubular organ aecordng to daim 1 wherein each pair of the connecting portions of the 
tubular supporting Irame are diametrically arranged between the ring portions. 

a An artificial tubuto oi^an according to claim 1 or 2 wherein said medical P'"'*^*,"!^' 
composed of a fabric setected from the group consistino of woven fabncs. ,'««««^J'"^-^ 
40 knitted tabrtss. aixJ wherein the fabric is composed o» absortiable macromolecular yams and nonabsor- 
babia macromolecular yams. 

4. An artificial tubular organ according to daim 1. 2 or 3 vrhereln yams are double ^^ ^'^J^ 
composed of at least ore absoft>*le macrcmolecuiar yarns and at least one nonateottwble macro- 
4S mdeodar yams. 

6 An arffWaJ tubular organ acconling to any one of claims 1 to 4 wherein the fabric is a union cloth 
composed of *sort)aWe macroTMlecular yarns and ncnabsortwible macrcmolecJar yarns. 

M 6 An artificial tubular organ according to daim 3. 4 or 5 wT.erein nonabsortat)* macromolecular yarnsta 
oS^oTfibers made of a ma^rial selected f«^ 

SSS "esSTfluoroplastics, chlorine resins. pdyureth«,e reaina. celluloae dertvatlves. mi natural 
libera. 

55 7. An artifidal tubular organ acxorcfing to ariycrio of claima 3 to 6^^^ 
yams is composed d one o^ polyoicfine fibers. 

a An artifidal tubular organ accordng to any one of claims 3 to 7 wherein said fabrics or yams are 
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coated with a protein. 

9. An artificial tutHjtar organ according to any one of claims 3 to 8 wherein said absorbable nnacro- 
nnoieculBi yeems are included in the fatjnc so that they are dissolved and absorbed in the organism 
after imptantaiiofi to form openings or pores having an average diameter of 1 10 wm and being present 
at least 20 % in the fabric. 
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Fig. 4 
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Fig, 6 
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Fig. 9 
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Fig. 10 
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BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION 

The invention relates to a bOateral intra-aortic by- 
pass graft for intraluminal delivery, and a method and 
apparatus for repairing an abdominal aortic aneur- 
ysm. 

2. DESCRIPTION OF THE PRIOR ART 

An abdominal aortic aneurysm is a sac caused by 
an abnormal dilation of the wall of the aorta, a major 
artery of the body, as it passes through the abdomen. 
The abdomen is that portion of the body which lies be- 
tween the thorax and the pelvis. It contains a cavity, 
known as the abdominal cavity, separated by the dia- 
phragm from the thoracic cavity and lined with a ser- 
ous membrane, the peritoneum. The aorta Is the main 
b-unk. or artery, from which the systemic arterial sys- 
tem proceeds. It arises from the left ventricle of the 
heart, passes upward, bends over and passes down 
through the thorax and through the abdonten to 
about the level of the fourth lumbar vertebra, where 
it divides into the two common iliac arteries. 

The aneurysm usually arises in the infrarenal 
portbn of the arteriosderotk:ally diseased aorta, for 
example, below the kidneys. When left untreated, the 
aneurysm will eventually cause rupture of the sac 
with ensuing fatal hemorrhaging in a very short time. 
High mortality associated with the rupture has led to 
the present state of the art and the transabdominal 
surgical repair of abdominal aortic aneurysma Sur- 
gery involving the abdominal wall, however, is a major 
undertaking with associated high risks. There is con- 
siderable mortality and morbidity associated with this 
magnitude of surglcaJ interventk)n. which In essence 
involves replacing the diseased and aneurysmal seg- 
ment blood vessel with a prosthetic device which 
typically is a synthetic tube, or graft, usually fabricat- 
ed of either DACRON®. TEFLON®, or other suitable 
materia). 

To perform the surgical procedure, requires ex- 
posure of the aorta through an atxtomlnai indsksn, 
which can extend from the rib cage to the pubis. The 
aorta must be dosed both above and below the 
aneurysm, so that the aneurysm can then be opened 
and the thrombus, or Uood dot and artertosderottc 
debris removed. SmaU arterial branches from the 
back waU of the «>rta are tied of f. The DACRON® 
tube, or graft, of approxImatBly the same size of the 
normal aorta, is sutured in place, thereby repladng 
the aneurysm. Blood nam is then reestaUlshed 
through the graft It ie necessary to move the intee- 
tines in order to get to the back wall of the abdomen 
prior to damping off the aorta. 

if the surgery b performed prior to rupturing of 
the abdominal aorta aneurysm, the survival rate of 



treated patients is markedly higher than if the surgery 
is performed after the aneurysm ruptures, although 
the mortality rate is still quite high. If the surgery is 
performed prior to the aneurysm rupturing, the nK>r- 
5 tallty rate Is typically less than 5%. Conventional sur- 
gery performed after the rupture of the aneurysm is 
significantly higher one study reporting a mortality 
rate of 66.7%. Although abdominal aortic aneurysnr^ 
can be detected from routine examinations, the pa- 

10 tientdoes not experience any pain from the condition. 
Thus, if the patient » not receiving routine examina- 
tions, it is possible that the aneurysm will progress to 
the rupture stage, wherein the mortality rates are sig- 
nif candy higher. 

f 5 Disadvantages associated with the conventional, 

prior art surgery, in addition to the high mortality rate, 
are: the extended recovery period associated with 
such surgery; difficulties in suturing the graft, or tube, 
to the aorta; the loss of the existing thromt>osis to 

20 support and reinforce the graft; the unsuitability of 
the surgery for many patients having abdominal aort- 
ic aneurysms; and the problems assodated with the 
performing the surgery on an emergency basis after 
the aneurysm has ruptured. As to the extent of recov- 

25 ery. a patient can expect to spend form 1 to 2 weeks 
in the hospital after the surgery, a major portk>n of 
which is spent in the intensive cam unit, and a con- 
valescence period at honte from 2 to 3 months, par- 
ticularly if the patient has other illness such as heart. 

30 lung, liver, and/or kidney disease, in which case the 
hospital stay is also lengthened. Since the graft must 
be secured, or sutured, to the remaining portion of the 
aorta, it is many times difficult to perform the suturing 
step because of thromt}osis present on the rennaining 

35 portion of the aorta, and that remaining portion of the 
aorta waO may many times be friable, or easily crum- 
bled. 

Since the thrombosis is totally removed in the pri- 
or art surgery, the new graft does not have the ben- 

40 efit of the previously existing thrombosis therein, 
which could be utilized to support and reinforce the 
graft, were the graft to be able to be inserted within 
the existing thrombosis. Since many patients having 
abdominal aortic aneurysms have other chronic ill- 

45 nesses, such as heart, lung, liver, and/or kidney dis- 
ease, coupled with the fact that many of these pa- 
tients are older, the average age being approximately 
67 years oM, these patients are not kieat candtdatea 
fbr such surgery, which Is considered maior surgery. 

50 Such patients have difflcultiBS in surviving the oper- 
atton. Lastly, once the aneurysm has ruptured, it is 
difficult to perform a conventtonal surgery on an ex- 
pedited basis because of the extant of the surgery. 
It has been pravksualy proposed to repair abdom- 

55 inal aortks aneurysms by intraluminal delivery of an 
aortic graft disposed upon a catheter, and securing 
the graft within the aorta by expanston and deforma- 
tion of an expandable defbrmable member assoclat- 

2 
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ed with the graft by expanding and inflating a portion 
of the catheter which contacts the tubular member. 
Because of the relatively large diameter of the cath- 
eter and associated graft necessary for implantation 
within the aorta, some difficulties have been some- 
times encountered, such as spasms associated with 
the access body vessel such as the femoral artery. 
Additional problems sometimes encountered with 
this method or repairing an abdominal aortic aneur- 
ysm have been kinking and/or twisting of the flexible, 
collapsible graft during and/or after implantation of 
the graft 

Accordingly. prk3rto the development of the pres- 
ent invention, there has been no bilateral intra-aortic 
bypass graft for intraluminal delivery, or method and 
apparatus for repairing an abdominal aortic aneur- 
ysm, which: does not have a relatively high morbidity 
and mortality rate; does not have an extended recov- 
ery period; does not require suturing the graft to the 
remaining aorta wall; permits the existing thrombosis 
therein to support and reinforce the graft; is suitable 
for older patients with chronic illnesses; is less sus- 
ceptible to kinking and/or twisting of the graft; and is 
able to use a smaller diameter delivery system. 
Therefore, the art has sought a bilateral intra-aortic 
bypass graft for intraluminal delivery, and ntethod 
and apparatus for repairing an at>domtnal aortic 
aneurysm which is believed to: not have a high mor- 
bidity and mortality rate; does not require an abdom- 
inal incision and general anesthesia; not require an 
extended recovery period; not require suturing the 
graft to the remaining aortk: wall; permit the existing 
aortic wall and thrombosis therein to be retained to re- 
inforce and supporttheaortic graft* be suitable for pa- 
tients having other chronic illnesses; be less suscept- 
ible to kinking and/or twisting of the graft and permit 
the use of a smaller diameter delivery system. 

SUMMARY OF THE INVENTION 

In accordance with the invention, the foregoing 
advantages have been achieved through the nrwthod 
and apparatus for bflateral intra-aortic graft of the 
present inventton. The method for repairing an at>- 
dominal aortic aneurysm in an aorta having two aiac 
arteries assodated therewfth may Include the steps 
of: connecting a first tube to a first expandable and 
defbrmaUe.- tubular member; connecting a second 
tube to a second expandable and deformabte. tubular 
member; dispoafaig the first tube and first tubular 
member upon a first catheter, disposing the second 
tube and second tubular nwmber upon a aeoond cath- 
eter, each catheter having an expandable. Inflatable 
0ortkm witlrthe tubular members disposed upon the 
expandable, inflatable porttons; Intralumlnally deliv- 
ering the first and second tubes, tubular members, 
and catheters to the aorta and dtsposirTg at least a 
portkm of each tube within the abdominal aortic 



aneurysm; and expanding the expandable, inflatable 
portton of each catheter to expand and deform the 
tubular members to force the tubular memt>ers radi- 
aUy outwardly into contact with the aorta and each 

3 other, to secure the tubular members and a least a 
portion of each tube within the aorta, whereby the 
tut>es provkle a bilateral fluid passageway through 
the abdominal aortic aneurysm. 

Another feature of the present invention may in- 

10 elude the step of simultaneously expanding the ex- 
pandable, inflatable portions of each catheter. An ad- 
ditional feature of the present invention is that the first 
and second tubes may each have first and second 
ends, the first end of each tube being connected to a 

IS tubular nwmber and being disposed within the aorta; 
and the second end of the first tube may be disposed 
within one of the iliac arteries, and the second end of 
the second end may be disposed within the other iliac 
artery. 

20 A further feature of the present inventksn is that 

a third expandable and deformable. tubular member 
may be connected to the second end of the first tube; 
a fourth expandable and deformable, tubular member 
may be connected to the second end of the second 

25 tube; and the third and fourth tubular members are 
expanded and deformed to force the third and fourth 
tubular members radially outwardly into contact with 
an iliac artery by the expansion of the expandable, in- 
flatable portion of each catheter assodated with each 

30 tube. Another feature of t he present invention may in- 
clude the steps of forming each tube of a plurality of 
expandable and deformable, tubular members, each 
tubular nramber having a longitudinal axis, by aligning 
the plurality of hjbular members with their longitudi- 

35 nal axes being substantially parallel with other, each 
tut>ular member t)eing detached, and spaced apart 
from adjacent tubular members; and embedding the 
plurality of tut>ular members within a layer of defornrv 
able and expandable plastic materiel. The plastic ma- 

40 teriai may be si Icons, pdytstrafluoroethylene. ex- 

' panded pdyt^rafluoroethylene. or expanded polyur- 
ethane. 

An additional feature of the present invention 
may include the step of simultaneously expanding the 

45 expendable, inflatable portion of each catheter to si- 
multaneously expand and deform the first and sec- 
ond tubular members and the plurality of tubular 
member s of each tube which are embedded in the de- 
forntable and expandable plastic material. Afiirther 

50 feature of the present Inventton nray include the step 
of connecting the fiist and second tubular members 
to the first end second tubes by errtbedding a portion 
of the second ends of the first and second tubular 
members in the defbrnrable and expandable plastic 

55 material of the tube to whtoh it Is to be connected. 

A ftst her feature of the present Inventton nray in- 
chjda the steps ot disposing a fifth expandable and 
defornrable tubular ntember upon a thkd catheter 
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having an expandabtet inflatable portion, with the 
fifth tubular meniber being disposed upon the ex- 
pandable, inflatable portion; intraluminally delivering 
the fifth tubular member and third catheter to the aor- 
ta; expanding the expandable. Inflatable portion of 
the third catheter to expand and deform the fifth tub- 
ular member to force t he third tubular member radially 
outwardly into a connect with the aorta to secure the 
fifth tubular member within the aorta; the foregoing 
steps being conducted prior to the intraluminal deliv- 
ery of the first and second tubes, tubular members, 
and catheters, whereupon the simultaneous exparv 
sion of the expandable, inflatable portions of the first 
and second catheters, the first and second tubular 
members are expanded and deformed radially out- 
wardly into connect with the fifth tubular member and 
each other, to secure the first and second tubular 
members within the aorta and within the fifth tubular 
member. 

An additional feature of the present invention may 
include the steps of forming each tube of a plurality 
of expandable and deformable. tubular members, 
each tubular member having a longitudinal axis, by 
aligning the plurality of tubular members with their 
longitudinal axes being substantially parallel with 
other, each tubular member being spaced apart from 
adjacent tubular members with a single, flexible con- 
nector member being disposed between adjacent 
tubular members; and embedding the plurality of tub- 
ular members within a layer of defbrmable and ex- 
pandable plasttc material. 

In accordance with tfie invention, the foregoing 
advantages have also been achieved through the 
present bilateral intra-aortic bypass graft for intralu- 
minal delivery to repair an abdominal aortic aneur- 
ysm in an aorta having two iliac arteries associated 
therewith. This aspect of the present Invention Irv 
cludes: a first tube having first and second ends and 
a wall surface disposed between the two ends, at 
least a portion of t he first tube adapted to be disposed 
within the abdominal aortic aneurysm; a second tube 
having first and second ends and a wall surface dis- 
posed between the two ends, at least a portion of the 
second tube adapted to be disposed wilhki the ab- 
dominal aortic aneurysm; and means for securing the 
first ends of the first and second tubes to the aorta, 
the securing means including first and second tubular 
membera. each tubular member having first and sec- 
ond ends, the fliBt tube being connected to the first 
tubular member and the second tube being connect- 
ed to the second tubular member, the tubular mem- 
bers having a first diameter which permits intratuml- 
nal delivery of the tubular members and tubes into the 
aorta and the tubular members having a second, ex- 
panded and deformed diameter, wfth at least a por- 
tion of the first and second tubular members in an 
abutting relationship, upon the application from the 
Intertorof the tubular members of a radially, outwardly 



extending force, the second diameter being variable 
and dependent upon the amount of force applied to 
the tubular member, whereby the tubular members 
may be expanded and deformed to secure the first 
5 ends of the tubular members to the aorta and a bilat- 
oral fluid passageway is formed within the abdominal 
aorta aneurysm. 

Another feature of the present invention is that at 
least a portion of the first and second tubes are in an 
10 abutting relaUonship with each other when the first 
and second tubular members have their second, ex- 
panded and deformed diameter. An additional feature 
of the present invention Is that a third expandable and 
deformable tubular member may be connected to the 
15 second end of the first tube: a fourth expandable and 
deforntable tubular member may be connected to the 
second end of the second tube; and the third and 
fourth tubular members may be expanded and de- 
formed to force the third and fourth tubular members 
20 radiafly outwardly into contact with an iliac artery by 
the expansion of the expandable, inflatable portion of 
each catheter associated with each tube. 

A hjrther feature of the present invention is that 
each tube may be formed of a plurality of expandable 
25 and deformable, tubular members, each tubular 
member having a longitudinal axis, the plurality of 
tubular members being aligned with their longitudinal 
axes being substantiaily parallel with each other, 
each tubular nrwmber being detached, and spaced 
30 apart from adjacent tubular members; and the plur- 
ality of tubular members may be embedded wit h a I ay- 
er of a deformable and expandable plastic material. 
The plastic material may be silicone, polytetrafluoro- 
ethylene. expanded polytetrafluoroethylene, or ex- 
35 panded polyurethane. 

Another feature of the present invention is that 
the first and second tubular members may be con- 
nected to the first and second tubes by embedding a 
portion of the second ends of the first and second tub- 
40 ular members in the deformable and expandable 
plastic of the tube to which it is to be connected. 

An additional feature of the present Invention is 
t hat each tube may be formed of a plurality of expand- 
able, and defbrmable tubular members, each tubular 
45 member having a longitudinal axis with a plurality of 
tubular members being aligned with their longitudinal 
axes being substantially parallel with each other; 
each tubular member being spaced apart from adjar 
cent tubular members with a single, flaxtble oonneo- 
50 tormember being disposed between adjacent tubular 
members; and the plurality of tubular members may 
ba embedded within a layer of a deformable and ex- 
pandable material. A fiirther fsature of the present in- 
vention is that the first and seoond tubular members 
59 may be connected to the first and seoond tubes by 
embedding a portion of the second ends of the first 
and second tubular members in the defbrmable and 
expandable plastic material of the lube to which It Is 
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to be connected. 

In accordance with the present invention, the 
foregoing advantages have also been achieved 
through the present apparatus for repairing an ab- 
dominal aortic aneurysm in an aorta having two iliac 5 
arteries associated therewith. The present invention 
includes: first and second tubes, each tube having 
first and second ends and a wall surface disposed be- 
tween the two ends; first and second expandable and 
deformabte tubular members, each expandable and io 
deformable tubular members having first and second 
ends and a sn^ooth outer wall surface disposed be- 
tween the first and second ends, the first end of a 
tube being secured to a second end of a tubular menv 
ber, the expansion and deformation of the tubular is 
members being oontrollat)le; and two catheters, each 
catheter having an expandable, inflatable portion as- 
sociated therewith, the tubular members being re- 
leasably mounted upon the inflatable portion of each 
catheter, wheret>y upon inflation of the expandable. 20 
inflatable portion of each catheter, the tubular menv 
bers are forced radially and outwardly into contact 
with the aorta and each other to remain secured 
thereto, whereby the tubes, secured to the tubular 
members, provide a bHaterat passageway through 25 
the abdominal aortic aneurysm. 

A further feature of the present invention is that 
each tube may be formed of a plurality of expandable 
and deformable, tubular members, each tubular 
member having a longitudinal axis, the plurality of 30 
tubular members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being detached, and spaced 
apart, from adjacent tut>ular members; and the plur- 
ality of tubular members may be embedded within a 35 
layer of a deformable and expandable plastic nrtateri- 
al. An additional feature of the present invention is 
that the expandable, inflatable portion of each cath- 
eter may extend along a portion of the length of each 
catheter a distance greater than the combined length 40 
of each tube and tutxitar member, wheret>y upon ex- 
pansion and Inflation of each expandable. Inflatable 
portion of each catheter, each tubular member and its 
connected tuba are simultaneously expanded. 

The bilateral intra-aortic bypass graft for intralu- 45 
mtnal delivery, and otethod and apparatus for repair- 
ing an abdominal aortic aneuTsm of the present in- 
vention, wtMfl compared to pfovloualy proposed prior 
art grafts and methoda and apparatus for repairing 
aneurysm, are believed to have the advantages of: 50 
a lower mortality rata; shortened recovery periods; 
not requiring suturing a graft to the aorta; utilizing the 
existing aortic wail and thrombosis therein to support 
and reinforce the aortic graft; being suitable for use 
with patients having other chronic ainesses; being 5S 
less susceptible to kinking and/or twisting of the graft 
and permitting the use of a small diameter delivery 
system. 
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BRIEP DESCRIPTION OF THE DRAWINGS 
In the drawings: 

FIG. 1 is a partial cross-sectional view of an ab- 
dominal aortic aneurysm in tf\e process of being 
repaired in accordance with the present inven- 
tion; 

FIG. 2 is partial cross-sectional view of an aorta. 
at>dominal aortic aneurysm, and iliac aneurysm, 
in the process of being repaired in accordance 
with the present invention: 
FIG. 3 is a partial cross-sectional view of a por- 
tion of the aorta oi FIG. 1, illustrating a tubular 
member in the process of being expanded within 
the aorta; 

FIG. 4 is a partial cross-sectional view of the aor- 
ta a FIG. 3, illustrating a tubular member being 
fully expanded; 

FIG. 5 is a partial cross-sectional view of the ab- 
dominal aortic aneurysm of FIG. 2, illustrating the 
expansion of the bilateral intra-aortic bypass 
graft of the present Invention; 
FIG. 6 is a cross-sectional view taken along line 

6- 6 of FIG. 5; 

FtG. 7 is a cross-sectional view taken along line 

7- 7 of FIG. 5; and 

FtG. 8 is a cross-sectional view taken along line 

8- 8 of FIG. 5 

FIG. 9 is a perspective view of a portion of a tube 
which forms a part of the bltatsrat Intra-aortic by- 
pass graft of t he present invention; 
FIG. 1 0A is a partial, perspective view of a portion 
of the bilateral intra-aortic bypass graft of the 
present invention; 

FIG. 1 0B is a partial, perspective view of a portion 
of the bilateral intra-aortk; bypass graft of the 
present invention; 

FIG. 11 is a partial croes-secttonal view of the 
aorta and abdominal aortic aneurysm of FIG. 2, 
illustrating the bilateral intra-aortic bypass graft 
of the present inventk)n in place in the aorta and 
atxtomlnal aneurysm; 

FIG. 12 is a cross-sectional view taken along line 

12- 12 of FIG. 11; 

FIG. 1 3 is a cross-sectional view taken along line 

13- 13 of FIG. 11; 

FIG. 14 Is a cross-sectional view taken along line 

14- 14 of Fia 11; 

RO. 15 is a partial cross-sectional view of an- 
other embodiment of a blataral intra-aortic by- 
pass graft of the present invention; 
Whie the invention will be described In connec- 
tion with the preferred embodiment, it wiB be under- 
stood that it is not intended to limft the invention to 
that embodlmant On the contrary, it b Intended to 
cover ail alternatives, modifications, and eguh^ents, 
as may be inckided within the spM and scope of the 
invention as defined by the appended daims. 
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DETAILED DESCRIPTION OF THE INVENTION 

In FIGS. 1, 2. S a bilateral intra-aortic bypass 
graft 150 for intraluminal delivery to repair an abdom- 
Inat aortic aneurysm 151 in an aorta 152 having two 
iliac arteries 153L 153R associated therewith is illu- 
strated. BUateral intra-aorttc bypass graft 1 50. as well 
as other grafts to be hereinafter described, could also 
be utilized in the thoracic aorta, and can be used to 
repair thoracic aneurysms or thoracic dissecting 
aneurysms. Accordingly, use of the term "aortic 
aneurysm" in this specification and claims is intended 
to relate to and mean both abdominal aortic aneur- 
ysms and thoracic aneurysms. Aneurysm 151 in- 
cludes areas of thrombosis 154, which are disposed 
against the interior wall surface 155 of aorta 152. 
Blood flows through the aorta in the direction of ar- 
rows 156. Associated with aorta 152, above aneur- 
ysm 151. are a plurality of renal arteries 157. in fluid 
communication with aorta 152. 

With reference to FIGS. 1 , 5, and 11 , bypass graft 
150 Is seen to generally comprise: a first tube 160A 
having first and second ends 161 A, 162A and wall 
surface 163A disposed between the two ends 161 A. 
162A. at least a portion of the tube 160A adapted to 
be disposed within the aneurysm 151; a second tube 
160B having first and second ends 161B. 162B and 
a wall surface 163B disposed between the two ends 
161B. 162B. at leasta portion of the tube 160B adapt- 
ed to be disposed within the aneurysm 151; and 
*means for securing 165 the first ends 161A, 161B of 
the first and second tubes 160A. 1608 to the aorta 
152. the securing means induding first and second 
tubular members 166A. 166B. each tubular merrtber 
166A. 166B having first and second ends 167A. 
167B. 168A. 168B, the first tube 160A being connect- 
ed to the first tubular member 166A, and the second 
tube 160B being connected to the second tubular 
member 166B. It should be noted that like refiefonce 
numerals are utflized throughout this Detailed De- 
scription of the Invention, with different letter sub- 
scripts to identify componento of the present inven- 
tion which are identical in construction to each other, 
in that nrmny components of the present invention are 
a mirror image of adjacent components. 

Still wth reference to FIGS. 1, 5. and 11. prefer- 
ably, the tubular membera 166A. 166B. of securing 
means 165 have a firat diameter D (FIGS. 1 and 2). 
which permila tntratunttnal delivery of the tubular 
membera 166A, 1668 Into the aorta 152. Upon the 
appllcation firom the Interior of the tubular membera 
1 66A, 166B of a radially, outwardly extending force, 
as wlH be hereinafter described In greater detail, the 
tubular membere 16eA. 166B, have a second, ex- 
panded and deformed diameter 0* (FIGS. 5 and 11). 
the second diameter O' being variable and dependent 
upon the amount of force applied to the tubular menv- 
bers 166A. 168B. whereby the tubular membere 



166A. 1668, may be expanded and deformed to se- 
cure the first ends 167A. 1678 of the tubular mem- 
bers 166 A 166B to the aorta 152. and a bilateral pas- 
sageway 200 (is formed within the abdominal aortic 

5 aneurysm 1 51) by passageways 1 91 A. 1 91 B extend- 
ing through the tubular membere 166 and tubes 160. 
Preferably, as seen in FIGS. 5 and 11. at least a por- 
tion of the f iret and second tubes 160A, 1608 is in an 
abutting relationship, the abutting portions of the first 

10 and second tubes 160A. 160B. being generally dis- 
posed toward the upper ends 161A, 1618 of tubes 
160A, 1608. whereby bilateral intra-aortic bypass 
graft 150. after implantation within aorta 152 and 
aneurysm 151. generally has an inverted Y-shaped 

IS configuration, as illustrated in FIGS. 5 and 11. Addi- 
tionally, after tubular membere 166A, 1668 have 
been expanded and have their second, expanded 
and deformed diameter 0\ at least a portion, and pre- 
ferably aO of. the firat and second tubular members 

20 166A. 1668. are in an abutting relationship, as seen 
in FIGS. 5 and 11. 

With reference to FIG. 1. each tubular member 
166A. 1668 preferably has a snnooth outer wall sur- 
face 169A. 1698 disposed between its first and sec- 

25 ond ends 167A, 1678. 168A. 1668. Wall surfaces 
169A. 1698. preferably have a substantially uniform 
thickness with a plurality of slots 173 formed therein, 
the slots 173 being disposed substantially parallel to 
the longitudinal axes of the tubular membera 166A, 

30 1 668. It has been found that one type of tubular mem- 
ber 166. which is particularly useful as securing 
means 165 are the expandable intraluminal grafts 
disclosed in U.S. Patent No. 4.733,665. issued March 
29, 1988; U.S. Patent No. 4.739.762. issued April 26. 

35 1 988; and U.S. Patent No. 4,776.337, issued October 
11. 1988. all of the foregoing patents being in the 
name of Julio C. Palmaz, and assigned to Expandable 
Grafts Partnerahip. Each oftheae patents ia incorpo- 
rated herein by referenca Other tubular membere 

40 1 66 could be utilized as securing means 165, provid- 
ed they have the ability to be controllably expanded 
and deformed firom the first diameter D. which per- 
mits Intraluminal delivery of securing means 165. to 
the second expanded and deformed diameter D'. in 

45 orderto secure the tubular membera 166A. 1668. and 
their connected tubes 160A. 1608 within aorta 152. 

With reference to FIGS. 1 and 11, tubes 160A. 
160B preferably have a generaUy. ctrcutar crose- 
sectional configuration, and tubes 16QA. 1608 made 

50 be made finom a variety of matarlato, provided they 
have the reqidslte strength charactartettca to be util- 
ized aa a bypaas graft 1 50, aa weH as have the requi- 
site oompatibQIty with the human body in order to be 
used aa a graft, or implant material, without being re- 

55 jected by the patlenf s body. Exampleo for such ma- 
terials are OACRON® and other polyester materials, 
TEFLON^ (pdytetrafluoroethylene), TEFLON* 
coated DACRCN*. porous pdyurethane. afllcone. 
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expanded potytetrafluoroethylene. and expanded 
polyurethane. It is preferred that all of the foregoing 
materials t>e porous to allow for an intimal layer to 
form on the tutms 160. Additionally, tubes 160A. 160B 
can be made by the replaminefbrm replicated life 
forms process, which Is a method for fabricating uni- 
formly microporous materials from marine skeletal 
structures. The foregoing described fabric materials 
can be knitted or woven, and can be warp or weft knit- 
ted. If the material is warp knitted, it may be provided 
with a velour. or towel like surface, which speeds up 
clotting of blood which contacts tubes 16QA. 160B in 
order to increase the attachment, or Integration, of 
tubes 160A. 160B to aorta 152. or to assist the inte- 
gration of tubes 16QA, 160B to the thrombosis 154. 
Tubes 160A, 160B can also be made of a bio-erod- 
ible . or degrade ble material, such as albumin or cot- 
tagen or a collagen coated material. A tube 1 60 which 
is bio-erodtble. would erode and dissolve, or degrade, 
over a period of time: however, it is believed that a lay- 
er of endothelium, or skin, will grow as the tubes 
1 60A. 160B erode, the new layers of endothelium, or 
skin, provide a new. fluid impervious lining within 
aneurysm 151. In some procedures, it might be desff- 
able to make tubes 160A. 160B of a fluid impervious 
material. Additionally, tubes 160A, 160B, as well se- 
curing means 165. or tubular numbers 166A, 1668. 
could have a coating of a biologk:ally inert material, 
such as TEFLON® or porous pdyurethane. 

ff any of the foregoing described materials are 
used for the manufacture of tubes 160A, 160B, the 
first ends 1d1A. 1616 of tubes 160A. 160B may be 
connected to the second ends 168A, 168Bofthe tub- 
ular members 166A, 166B,.asbyaptuFalityofconver>- 
tional suftjres of polypropylene, OACRON®, or any 
other suitable material. Preferably, the ends 161 A. 
1 61 B of tubes 1 8QA. 1 60B overlap and cover the sec- 
ond ends 168A, 1668 of tubular memben 166A, 
166B, such overlapping being approxfanately 50% of 
t he lengt h of tubular 1 66A. 1 668. The first ends 1 61 A. 
1 61 B of tubes 160A, 1608. whksh overlap the second 
ends 168A, 1 688 of tubular membeis 166A. 1668. are 
preferably constructed so that they are radially ex- 
pandable, wtwreby the first ends 161A. 161 Bof tubes 
160A. 1608 can conlbrm wHh the second, expanded 
and deformed diameter ty of the second ends 168A. 
1688 of the tubular members 166A. 1668. If tubes 
16aA,1 608 are woven, the weaveof thomataitalsat 
its f M ends 161 A, 1 61 B to looser, so that the desired 
radial expanskxi can be obtained. The Intermediate 
porttons 171A, 1718 (Fia 11) of tubes 16QA, 1608 
d Esposed between fitst and second ends 1 61 A, 1 61 8. 
162A, 1628 thereof, are pref^ly not substantially 
radiaity expandable when tubes IdOA, 1608 m man- 
ufactured fifom the fdrogoing described fabric, or fat>- 
ric like, nwteriala 

With reference to FIGS. 9. lOAand 108, another 
embodiment erf tubes 160 of bypass graft 150 are I- 



lustrated. Each tube 160A. 1608 is preferably formed 
of a plurality of expandable and defbrmable. tubular 
members 201. Each tubular member 201 has a long- 
itudinal axis, with a plurality of tubular members 201 
5 being aligned with their longitudinal axes being sub- 
stantially parallel with each other, as IQustrated by 
center line 202. Each tubular member 201 is detach- 
ed, and spaced apart, from adjacent tubular members 
201 . Tubular members 201 are of the same construc- 

10 tion of tubular members 166 previously described, 
however, the length of tubular membera 201 and 
number of slots 173 extending along the length of 
each tubular member 201 may be varied depending 
upon the total length of tube 160. After the plurality 

IS of tubular members 201 have been aligned as illu- 
strated in FIG. 9. with tubular members 201 being dis- 
posed with their first unexpended diameter D which 
permits intraluminal delivery of the tubular nrtembers 
201. the plurality of tubular membera 201 are dls- 

20 posed in a sultat)le. conventtonal Jig. die. or mold. The 
plurality of tubular membere 201 are then embedded 
within a layer 202 of a deformable and expandable 
plastic material, such embedding being carried out 
through use of any conventional moldbig process. 

25 The plastic matsriat may be silicone, pdytetrafluoro- 
ethytene, expanded pdytetrafluoroethylene, ex- 
panded pdyurethane. or any other plastte material 
have the requisite strength characteristics to be util- 
ized as a bypass graft, as well as have the requisite 

30 compatibility with the human body In order to be used 
as a graft, or implant material, without being rejected 
by the patient's body, as well as have the ability to ex- 
pand as tubular nrtembers 201 are expanded, as will 
be hereinafter described, and be able to maintain the 

35 expanded configuration when tubular members 201 
have a second, expanded and deformed diameter 
as aiustratad in FIG. 1 0A. 
The resulting tube 160, after the plurality of tub- 
ular members 201 have been embedded within the 

40 layer 202 of plastic material, is a tube 160 having a 
substantially smooth inner and cuter surface 203, 
204 formed by the layer 202 of plastic material In 
which tubular membere 201 are embedded. It is be- 
lieved that such tubes 160 will be substantially npn* 

45 ' collapsible and not subject to kinking and/or twisting 
upon being intplanted. 

Tube 160 of FIG. 10A may be connected to the 
second end 168 of tubular ntember 166 in the manner 
previously described, such as by a pluraltty of con- 
so ventkmd sutures; however, prefbrably the first and 
second tubular membera 166A. 1668 are connected 
to the first and second tubes 160A, 1608 by embed- 
ding a portton of the second ends 168A, 1688 of the 
first and second tubular membere 160A. 1608 In the 

55 plastic material 202 of the tube 160 to which tubular 
membere 166A. 1668 are to be connected, as Illu- 
strated In RO. loa As seen In RO. 108, the upper 
end 167, or leading edge, of tubular member 166 is 
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exposed for direct contact with aorta 152 and its ad- 
jacent tubular nrtember 166, as Illustrated In FIGS. 
10B. 5, and 11. The lower end 168. or trailing edge, 
of tubular n^ember 166 being embedded within the 
layer 202 of plastic material, and spaced apart and 
detached from the uppermost tubular member 201, 
as illustrated in FIG. 1QA. 

Still with reference to FIG. 9. alternatively each 
tubular member 201 may be spaced apart from adja- 
cent tubular members 201 and connected by a single, 
flexible connector menYt)er 205, two such flexible 
connector members being illustrated, and the plural- 
ity of connected tubular members 201 are then em- 
bedded within the layer 202 of the defornnabte and 
plastic material. It is believed that one type of flexible 
connector member which may be particularly useful 
as connector members 205 are those ilustrated in 
U.S. Patent Application Serial No. 174.246« filed 
March 28. 1988. and U.S. Patent Application Serial 
No. 657,296. filed February 19. 1991. both of these 
application being assigned to Expandable Grafts 
Partnership. Each of these applications is incorporat- 
ed herein by reference. Other connector ntembere 
205 could be utilized, provided they have the ability 
to permit tubes 160 of FIGS. IDA and 10B, to be inv 
planted as will be hereinafter described in greater de- 
tail and to be Intratumlnally delivered to the aorta 152 
which would require tube 160 to be flexible and capa- 
ble of bending and flexing so as to negotiate through 
the curved veins, arteries, and/or body passageways 
toward the aorta 152. 

With reference to FIG. 15, another embodiment 
of bilateral intra-aorttc bypass graft 150 is illustrated. 
Graft 51* includes means for securing 192 the lower 
ends 162A. 162B of tubes 160A. 160B to the two iliac 
arteries 153. Securing means 192 preferably includes 
a thM expandable and deformable tubular member 
166A* connected to the secomi end 162 of the first 
tube 160A. and afourth expandable and deformable. 
tubular member 166B* connected to the second end 
162B of the second tube 160A. Preferably, third and 
fourth members 166A'. 1668' are ofthe same type of 
construction as those used for securing means 165. 
or tubular membera 1 66A, 1 66B. Third and fourth tub- 
ular members 166A'. 166B' may be connected to the 
lower ends 162A. 162B of tubes 160A. 160B. as by 
means of sutures, previously described, when tubes 
1 6QA, 1608 are of fabric or simiar construction, as 
previously described. Alternatively, if tubes 160A. 
1 608. have the oonatructkan as llluatretBd In FIGS. 9, 
10A, and 108. third and fburth tubdar members 
166A'. 1668' may be also co nn ected as by conven- 
tional sutures, as previously described, or preferably 
may be secured to the lower enda 162A. 1628 of 
tubes 160A, 1 608. by embedding a portion of the first 
ends 167A. 1678 of tubular members 166A'. 1668' in 
the deformable and expandable plastic material 202 
disposed at the second enda 162A. 1628 of tubes 



160A, 1608 as previously described in connection 
with FIG. 108. As will be hereinafter described in fur- 
ther detail, securing means 192. or third or fourth tub- 
ular members 166A\ 166B', may be expanded and 

5 deformed in the same manner as securing means 
165 to force the third and fourth tubular members 
166A*. 1668' into contact with an iliac artery. 153L, 
1 53R. Although the flow of pumped blood downward- 
ly through aorta 1 52 and into iliac arteries 1 53L. 1 53R 

10 is believed to provide enough pressure to maintain bi- 
lateral passageways 191A. 191 B, formed by tubes 
160A, 1608. in their desired positions within iliac ar- 
teries 153L, 153R. as ilustrated in RGS. 11 and 15. 
there Is a slight negative vacuum pressure compo- 

15 nent associated with the pumping pressure, whereby 
the securing means 192 might be required. Securing 
nrieans 192 also serves to ensure no movement of 
passageways 191 A. 1918. caused by a person's 
body movements. 

20 With reference to FIGS. 1 . 2. and 5. the method 
and apparatus for repairing an abdominal aortic 
aneurysm ofthe present invention will be described. 
Apparatus 180 for repairing an abdominal aortic 
aneurysm 151 generally comprises: first and second 

25 tubes 160A. 1608 and firat and second expandable 
and deformable tubular members 166A. 1668. tubu- 
lar members 1 66 and tubes 1 60 being constructed as 
previously described; and two cathetere 181A. 1818. 
each catheter have an expandable, inflatable portion 

30 182A, 1828. or balloon 183 associated therewith and 
a nosepiece 184. The tubular members 166A. 1668 
are releasabty nwunted to the inflatable portion 182 
of each catheter 181 . in any suitable fashion, whereby 
upon inflation of the expandable, inflatable portion 

35 182 of each catheter 181 A. 1818, the tubular mem- 
bers 166A, 1668 are forced radially outwardly into 
contact with the aorta 152 and with each other to re- 
main secured to aorta 1 52. whereby the tubes 160A. 
1608, secured to the tubular membera 166A. 16^. 

40 provide a bSateral passageway 200. or bilateral pas- 
sageways 191A. 1918 (FIGS. 11 and 15) through the 
abdominal aortic aneurysm 151. 

TTie apparatus 180 for repairing the abdominal 
aortic aneurysm 151 as illustrated in RGS. 1 and 2. 

45 is in its configuration it would have for intmluminai de- 
livery into aorta 152 and aneurysm 151. Preferably, 
the f iret tube 160A. tubular member 166A. and cath- 
eter 181 A are intrahiminaUy delhrared through a first 
femoral artery; and the second tube 1608. tubular 

50 member 1668. and catheter 1818 are intraluminatly 
deilverad through a second femoral artery and In turn 
each pass through an iliac artery 153U 153R, as il- 
tustFBted In FIG. 2. In the configuration shown in 
FIGS. 1 and 2. the tubular membera 166A. 1668 have 

59 their first unexpended, undefbrmed diameter D. In 
FIG. 5. tubular members 166A. 1668, have been ex- 
panded and deformed into their second, expanded 
and deformed diameter D'. Expansion and deforma- 
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tion of tubular metribers 166A. 166B is controlled by 
the expansion of balloons 163 of catheters 161 A. 
181B in a conventional manner. When apparatus 180 
is being intraluminally delivered, catheters 161 A, 
1 81 B. tubular members 1 66A. 1 66B. and tubes 1 BOA, 5 
1 60B are preferably enclosed by conventional cathet- 
er sheathes 186A. 186B which are removed, as 
shown in FIG. 1. as apparatus 180 is disposed in its 
desired location within aorta 152. 

If tubular members 166A, 166B, are utilized in io 
connection with a fabric type tube 160, as previously 
described, balloon 183 of catheter 161 may have a 
length which extends from slightly beyond the first 
end 167 of tubular member 166, and to a position 
slightty beyond the second end 166 of tubular menrv i5 
bar 166. As illustrated in FIG. 5. if apparatus 180 in- 
cludes tubes 160 constructed in a nnanner as descri- 
bed in FIGS. 9, 10A, and 10B. inflatable portion 162. 
or balloon 183 associated with each catheter 181 ex- 
tends along a portion of the length of each catheter 20 
a distance greaterthan the combined length tube 160 
and its associated tubular member 166, as illustrated 
in FIG. 5. Thus, upon expansion and inflation of each 
expandable and Inflatable portion 182, or balloon 
1 83, associated with each catheter 181, each tubular 25 
member 166A, 166B. is simultaneously expanded 
along with its connected tube 160A, 160B, including 
the plurality of tubular members 201 embedded with- 
in the layer 202 of plastic material of tubes 160A. 
1 60B (FIGS. 9. 1 0A. 1 0B). Deflation of balloons 1 83 30 
permits the withdrawal of catheters 181 and release 
of balloons 183 and catheters 181 from bypass graft 
1 50 after graft ISO has been disposed In the config- 
uration illustrated in FIG. 5. When tubes 160 are ut9- 
ized of the construction Illustrated In FIGS. 9, 10A, 35 
10B, as shown in FIG. 5, the resulting bilateral pas- 
sageway 191 formed in aorta 152 and aneurysm 151 
is believed to be substantially non-collapsible , be- 
cause of the presence of the plurality of tubular mem- 
bers 201 embedded within tubes 160A, 160B. 40 

When implanting a bypass graft 150 of the con- 
struction illustrated in FIG. 15. first second, third, and 
fourth tubular members 166A, 166B, 166A\ 
166B' may be s^ultaneously expanded and de- 
formed Into the expanded configuration illustrated In 45 
FIG. 15, as by use of the catheters 182 illustrated in 
FIG. 5, along with tubes 160A, 160B. 

As nustratsd in FIGS. 1, 2, 5, and 6, tubular mem- 
beiB 166A. 1688, are InitiaQy disposed within aorta 
1 52 substantlalty even and on the same level as each so 
other, at which time sheathes 188 are removed and 
balloons 183A, 1838 are simultaneously expanded as 
illustrated in FIGS. 5 and 6, until tubular members 
168A. 1668 are In an abutting relationship with each 
other and against aorta 1 50. Upon final inflation and 59 
expansion of the balloons 183A, 1838 to force tubular 
members 166A, 1868 Into their final oonfiguration >- 
luatrated in FIGS. 11 and 12. tlw abutting portions 



21 OA, 21 OB of tubular members 166A, 166B, are flat- 
tened against each other into the configuration 
shown in FIG. 12, whereby the initially present gaps 
211 (FIG. 6) between adjacent tubular members 
166A. 166B, are dosed off and removed. 

RGS. 13 and 14 illustrate bypass graft 150 after 
it has been implanted for a period of time, whereby the 
aneurysm 151 has thrombosed about tubes 160A. 
1 60B and into oontact therewith, and bilateral passa- 
geways 191 A, 1918 are ttius disposed within aneur- 
ysm 151. 

With reference to FIGS. 3 and 4, an alternative 
method for repairing an abdominal aortic aneurysm in 
an aorta 1 52 is illustrated. In this embodiment, bilat- 
eral intra-aortic bypass graft 150 includes a fifth ex- 
pandable and defbrmable tubular member 166C of 
the same construction of the first through fourth tub- 
ular menrters 168A, 1668, 166A*, 1688' as previous- 
ly described. Prior to the intraluminal delivery of tub- 
ular nnembers 166A, 166B, and tubes 160A, 1608 as 
previously described in connection with FIGS. 1 . 2, 
and 5, the fifth tubular member 166C is intraluminally 
delivered by a third catheter 181' and expanded from 
its first diameter D" to its second, expanded and de- 
formed diameter D", as llustrated in FIG. 4, to secure 
the fifth tubular ntember 166C within the aorta 152. 
After the fifth expandable tubular member 166C has 
been implanted within aorta 152, as shown in dotted 
lines in FIG. 1, the remain^g elements of bypass graft 

150 are implanted within aorta 152 and aneurysm 

1 51 as previously described in connection with FIGS. 
1 , 2. and 5. Upon expansion of first and second tut>- 
ular members 166A, 166B, as previously described, 
those tubular members 166A, 1668, will be in abutting 
relationship with each other, as illustrated In FIG. 12, 
and will also be secured within aorta 1 52, via their ex- 
pansion and deformation, into contact with fifth tub- 
ular member 166C which is secured in aorta 152. 

It is believed that the use of fifth tubular member 
1 68C wHI provide adequate anchorage for the tubular 
members 1 66A, 166B of bypass graft 1 50, and equat- 
tze forces exerted upon aorta 152 by the expansion 
of tubular members 166A. 1668. Fifth tubular mem- 
ber 166C has a final expanded diameter D*" which is 
approximately twice the size of the expanded dianrv 
eterD* of tubular mentbers 166A. 1668. Because f ifth 
tubular member 166C does not have a tube 180 at- 
tached thereto, its delivery system, or catheter 
1 61' and sheath 1 68* can be smaOer. and they can be 
Intralunftinally d^lvered without any of the previously 
described disadvantage as sodated with prior art 
aortic grafts, having a large diameter tube connected 
thereto. 

It Is to be understood t hat the Invention is not lim- 
ited to the exact detals of construction, operation, ex- 
act materiala or emboc&nents shown and described, 
as obvious modif icatfons and equivalents will be ap- 
parent to one skSled in the art For example, the ex- 
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pandable, inflatable portions of the catheters could 
be a plurality of hydrauiically actuated rigid members 
disposed on a catheter or a plurality of balloons could 
be utilized to expand the securing means. Additional- 
ly, the wall surfaces of the tubular members could be 
formed by a plurality of wires having a smooth exter- 
ior surface. The tubes could also be used individually 
as grafts for other body passageways. Accordingly, 
the invention is therefore to be limited only by the 
scope of the appended claims. 



Claims 

1. A bilateral Intra-aortic bypass graft for Intralumi- 
nal delivery to repair an abdominal aortic aneur- 
ysm in an aorta having two iliac arteries associ- 
ated therewith, comprising: 

a first tube having first and second ends 
and a wall surface disposed between the two 
ends, at least a portion of the first tube adapted 
to be disposed within the abdominal aortic 
aneurysm; 

a second tube having first and second 
ends and a wall surface disposed between the 
two endSt at least a portion of the second tube 
adapted to be disposed within the abdominal 
aortic aneurysm; and 

means for securing the first ends of the 
first and second tubes to the aorta, the securing 
means including first and second tubular menrv 
bars, each tubular mefnt)er having first and sec- 
ond ends, the first tube being connected to the 
first tubular member and the second tube being 
connected to the second tubular member, the 
tubular menrtbers having a first diameter which 
permits intraluminal delivery of the tubular mem- 
bars and tubes Into the aorta and the tubular 
members having a second, expanded and de- 
formed diameter, with at least a portion of the 
first and second tubular members in an abutting 
relationship, upon the application from the inter- 
ior of the tubular members of a radially, outwardly 
extending force, the second diameter being vari- 
able and dependent upon the amount of force ap- 
plied to the tubular member, whereby the tubular 
members may be expanded and deformed to se- 
cure the first ends of the tubular nwmbers to the 
aorta and a bflateral passageway is fbrnned with- 
in the abdomfnat aortic aneurysm. 

2. The bflateral Intra-aortic bypass graft of daim 1 , 
wherein at least a portion of the fM and second 
tubes are in an abutting relationship with each 
other when thef M and second tubular members 
have their second, expanded and defornrwd di- 
ameter. 



3. The bilateral intra-aortic bypass graft of daim 1 
or 2. wherein each tubular member has a smooth 
outer wail surface disposed between its first and 
second ends, the wall surfaces having a substan- 

5 tially uniform thickness and a plurality of slots 

formed therein, the slots being disposed sub- 
stantially parallel to the longitudinal axes of the 
tubular members, a first end of a tube being se- 
cured to a second end of a tubular menrtber. 

10 

4. The bilateral intra-aortic bypass graft of any pre- 
ceding daim. wherein a biologically inert coating 
is disposed on the tubes. 

15 5. The bilateral intra-aortic bypass graft of any pre- 
ceding daim, wherein the tubes are made of ma- 
terial which is impervious to the flow of fluid. 

6. The bilateral intra-aortic bypass graft of any pre- 
20 ceding claim, wherein the tubes are made of a 

material which Is blo-erodible. 

7. The bilateral intra-aortic bypass graft of any pre- 
ceding daim, wherein a third expandable and de- 

25 formable, tubular member is connected to the 
second end of the first tube; a fourth expandable 
and deformable, tubular member is connected to 
the second end of the second hjbe; and the third 
and fourth tubular members are expanded and 

30 deformed to force the third and fourth tubular 
members radially outwardly into contact with an 
iliac artery. 

8. The bilateral intra-aortic bypass graft of any pre- 
35 ceding daim. wherein each tube Is formed of a 

plurality of expandable and deformable, hjbutar 
members, each tubular member having a longitu- 
dinal axis, the plurality of tubular members being 
aligned with their longitudinal axes being sub- 
40 stantlalty parallel with each other, each hibular 
member being detached, and spaced apart, from 
adjacent tubular members; and the plurality of 
tubular ntennbers are embedded within a layer of 
a deformable and expandable plastic material. 

45 

9. The bilateral intra-aortic bypass graft of daim 8 . 
wherein the plastic material is silicone. 

10. The biiateral intra-aortic bypass graft of daim 8 . 
50 wherain the plastic matartal is polytetrafluoro- 

ethylene. 

11. The bilateral intra-aortic bypass graft of daim 
10 . wherein the plastic material is expanded 

S5 polytetrafluoroethylene. 

ir The bQateral intra-aortic bypass graft of daim 8 . 
wherein the plastic material is expanded potyur- 
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ethane. 

13. The bilateral intra-aortic bypass graft of claim 8 , 
wherein the first and second tubular members 

are connected to the first and second tubes by s 
embedding a portion of the second ends of the 
first and second tubular members in the defornv 
able and expandable plastic material of the tube 
to which it is to be connected. 

w 

14. The bilateral intra-aortic bypass graft of claim 1 , 
including a fifth expandable and deformable tut>- 
utar member, wherein: 

(a) after the fifth expandable and deformable. 
tubular member has been intraluminally deliv- is 
ered and expanded and deformed to force the 
fifth tubular member radially outwardly into 
contact with the aorta to secure the fifth tub- 
ular member within the aorta; and 

(b) after the expansion and deformation of the 20 
first and second tubular members, the first 

and second tubular members are disposed 
within the fifth expandable tubular member in 
an abutting relationship with each other and 
with the fifth expandable tubular member, 25 
whereby the first and second tubular menv 
bers may be secured within the aorta and 
within the fifth tubular member. 

IS; The bilateral intra-aorOc bypass graft of claim 14. 30 
wherein each tube is formed of a plurality of ex- 
pandable and deformable tubular members, each 
tubular member having a longitudirtal axis with 
the plurality of tubular members being aligned 
with their longitudinal axes being substantially 35 
parallel with each other; each tubular memt)er 
being spaced apart from adjacent tubular menv 
bers with a single, flexible connector member be- 
ing disposed between adjacent tubular members; 
and the plurality of tubular members are emt)ed- 40 
ded within a layer of a deformable and expand- 
able plastic material. 

1 6^ The bilateral intra-aordc bypass graft of datm 1 5, 
wherein the plastic material is silicone. 45 

17. The bttateral intra-aortic bypass graft of datm 15. 
wherein the plastie matertal is polytetrafluoro- 
ethylene. 

50 

18. The bilateral Intra-aortic bypass grafted claim 17. 
wherein the plastic material ia expanded potyte- 
trafluoroethylene. 

19. Thebilateral Intra-aortic bypass graft of daim 15, 55 
wherein the plastic nrtaterial is expanded pdyur- 
ethane. 



20. The bflateral intra-aortic bypass graft of daim 1 5, 
wherein the first and second tubular members 
are connected to the first and second tubes by 
embedding a portion of the second ends of the 
first and second hjbular members In the defbrnrv 
able and expandable plastic material of the tube 
to which it is to be connected. 

21. An apparatus for repairing an abdominal aortic 
aneurysm in an aorta having two iliac arteries as- 
sociated therewith, comprising: 

(a) first and second tubes, each tube having 
first and second ends and a wall surface dis- 
posed between the two ends; 

(b) first and second expandable and defcK-m- 
able tubular nrmmbers, each expandable and 
deformable tubular member, having first and 
second ends and a smooth outer wall surface 
disposed between the first and second ends, 
the first end of a tube being secured to a sec- 
ond end of a tubular member, the expansion 
and deformation of the tubular members be- 
ing controttable: and 

(c) two catheters, each catheter having an ex- 
pandable, inflatable portion associated there- 
with, the tubular emt>ers t)eing releasabty 
nrH)unted upon the inflatable portions of each 
catheter, whereby upon inflation of the ex- 
pandable. Inflatable portion of each catheter, 
the tubular members are forced radially out- 
wardly into contact with the aorta and each 
other to remain secured thereto, whereby the 
tubes, secured to the tubular members, pro- 
vide a bilateral passageway through the at>- 
dentinal aortic aneurysm. 

22. The apparatus of daim 21, wherein each tube is 
formed of a plurality of expandable and deform- 
able, tubular members, each tutxilar member 
having a longitudinal axis, the plurality of tubular 
members being aligned with their longitudinal 
axes being substantially parallel with each other, 
each tubular member being detached, and 
spaced apart, from adjacent tubular members; 
and the plurality of tubular members are embed- 
ded within a layer of a deformable and expand- 
able plastic material. 

23. The apparatus of dakn 22. wherein the expand- 
at)le, inflatable portion of each catheter extends 
along a portion <rf the length of each catheter for 
a distance greater than the combined length of 
each tube and tubular ntember, whereby upon ex- 
pansion and Inflation of each expandable, inflat- 
able portion of each catheter, each tubular menv 
ber and Ha connected tube are aimuttaneousty ex- 
panded 
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24. The apparatus of claim 21, wherein each tube is 
formed of a plurality of expandable and deform- 
able tubular members, each tubular member hav- 
ing a longitudinal axis with the plurality of tubular 
members being aligned with their longitudinal 5 
axes being substantially parallel with each other 
each tubular member being spaced apart from 
adjacent tubular members with a single, flexible 
connector member being disposed between ad- 
jacent tubular members; and the plurality of tub- io 
ular members are embedded within a layer of a 
defbrmable and expandable plastic material. 

25. The apparatus of claim 24 , wherein the expand- 
able, inflatable portion of each catheter extends is 
along a portion of the length of each catheter for 

a distance greater than the combined length of 
each tube and tubular member, whereby upon ex- 
pansion and irif lation of each expandable, inflat- 
able portion of each catheter, each tubular menv 20 
ber and its connected tube are simultaneously ex- 
panded. 

26. A graft for intraluminal delivery into a body pas- 
sageway comprising: 25 

an elongate tube having first and second 
ends and formed of a plurality of expandable and 
defbrmable first tut>ular members, each tubular 
member having a longitudinal axis, the plurality of 
tubular members being aligned with their tongitu- 30 
dinal axes being substantially parallel with each 
other, each tutxitar nnember being detached and 
spaced apart form adjacent tubular members, 
and the plurality of tubular members being em- 
bedded within a layer of a deformable and ex- 35 
pandable plastic material: and 

means for securing the first end of the 
tut>e within a body passageway, the securing 
means being a second expandable and deforirv 
able tubular member having first and second #0 
ends, the first end of the tube being connected to. 
the second end of the second tubular member, 
the second tubular member having a first diame- 
ter which pemlts Intraluminal delivery of the tut>- 
ular member and tube into the body passageway 43 
and the tubular member having a second, ex- 
panded and deformed diameter, upon the appli- 
cation firom the interior of the tubular nwmber of 
a radially, outwardly extending force, the second 
diameter being variable and dependent upon the so 
amount of force applied to the tubular member, 
wtwreby the tubular member may be expanded 
and deformed to secuie the first end of the tut>- 
ular member within the body passageway. 

27. The graft of daim 26, wherein the second tubular 
member is connected to the tube by embedding 
a portion of the second end of the second tubular 



member in the defbrmable and expandable plas- 
tic material of the tube to which it is connected. 

28. The graft of daim 26, wherein the plastic material 
is silicone. 

2d. The graft of claim 26, wherein the plastic material 
is polytetrafluoroethylene. 

30. The graft of daim 26 , wherein the plastic mate- 
rial is expanded polytetrafluoroethylene. 

31. The graft of daim 26, wherein the plastic material 
is expanded polyurethane. 

32. The graft of daim 26 , wherein a single flexible 
connector member ts disposed between the ad- 
jacent tubular members of the plurality of first tub- 
ular members which form the tube. 
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